In clinical practice, geriatric nutritional assessment usually includes nutritional screening, a simple anthropometric assessment, measurement of various biochemical parameters, such as serum albumin, and sometimes (not always) body composition analysis (BCA). However, there is a high prevalence of undiagnosed malnutrition in patients with dementia. Several factors contribute to this situation; probably, the most notable is the methodology used to assess body composition (BC). In this regard, for BCA, techniques are needed that are noninvasive, affordable, safe, simple and that require the minimum possible collaboration by the elderly patient. Consequently, body mass index (BMI) and waist circumference (WC) are widely used as indicators of overall and central adiposity, respectively; however, there is no consensus on the cutoffs for the elderly, and changes in BC (especially muscle-mass depletion) are masked by normal values of BMI and WC. Bioimpedance analysis is a simple, cost-effective and precise method for BCA, provided that cross-validated equations are used. Its main disadvantage is that it is highly sensitive to changes in body water (overhydration or dehydration), leading to substantial errors in BC estimates. However, using Bioelectrical Impedance Vector Analysis errors are minimized, as there is no need for the subject to be normally hydrated and it does not require the use of predictive models.
Protein-energy malnutrition increases the risk of functional disability 6 and further pressure ulcer development 7, 8 and also compromises the immune system, 9,10 thereby significantly increasing the risk for developing recurrent infections, which in turn may aggravate the nutritional status of the individual. 9, 10 At this point, it should be noted that malnutrition in older adults usually is not detected early, but it is detected when physical signs of nutritional alterations do appear. 11 In this way, fat-free mass (FFM) depletion, a very common event in the elderly, mainly due to muscle mass loss, 12 in most cases is under-reported until disturbances in visceral proteins (such as serum albumin) appear. The main reason for this lies in the use of the body mass index (BMI) in frail and sedentary older adults, as in this group the FFM depletion often coexists with high levels of adiposity, resulting in apparently healthy BMI values. 13 To detect the BC changes correctly, it is necessary to consider the body composition analysis (BCA) as a routine procedure into the geriatric nutritional assessment. The use of the gold standard methods is rarely possible in clinical practice because of technical or economic reasons; therefore other techniques and instruments are needed that are safe, simple, noninvasive and cost-effective. The anthropometry and the bioelectrical impedance analysis (BIA) are most commonly used at present.
The present review focuses on the anthropometry and the BIA (both conventional and vector approaches) as methods to assess the BC. It provides an overview of their applicability and appropriateness in elderly individuals with dementia.
ANTHROPOMETRY
The anthropometric measurements are frequently performed in both the geriatric nutritional assessment and in epidemiological studies because they are painless, innocuous, noninvasive, simple and cheap procedures, which allow the calculation of nutritional indicators and also the estimate of the total or regional BC by means of predictive equations. For these purposes, in addition to the weight and height, the calf and waist circumferences, as well as the triceps, biceps, subscapular and suprailiac skinfolds, are the main anthropometric measurements used in the elderly population.
Anthropometric data sets from several samples of older-adult populations were recently published in a systematic review. 14 However, it is necessary to note that, although there are several anthropometric data sets from different small samples of elderly populations, limited information is available regarding valid anthropometric reference or normative data for the elderly. [15] [16] [17] The third National Health and Nutrition Examination Survey (NHANES III) 18 is considered the most comprehensive crosssectional reference data for anthropometric measurements of persons aged ⩾ 60 years, but reference data for people aged ⩾ 80 years remain sparse. Furthermore, large geographic and ethnic variations in anthropometric measurements have been reported, being related to differences in lifestyle and genetic variations, among other factors. 15 Therefore interpreting the anthropometric measurements in clinical practice is difficult because of the lack of specific normative data for the elders.
Estimate of BC by anthropometry Several approaches to estimate the BC from anthropometric measurements have been developed, which could be grouped into two major categories: models resulting from the anthropometric fractionation of the body mass (based on multicompartment models) and models resulting from the calculation or estimate of body density (BD, based on the two-compartment model). The most popular predictive equations used in clinical practice are those that are based on the two-compartment model of the BC; therefore, this requires in the first place the estimate of the BD from a combination of anthropometric measures, and, second, the estimate of the body fat from the BD. Among the available predictive equations, those of Durnin and Womersley 19 and of Siri 20 and Brozěk 21 (Table 1) are widely used for estimating the BD and the body fat, respectively.
Nevertheless, the validity and adequacy of the anthropometry in the older adults have serious limitations relating to the estimate of both the BD and the BC on the basis of the two-compartment model. 22 The problem lies in the fact that this procedure is based on the assumption that there is a linear relationship between subcutaneous fat, total fatness and BD. However, the correlation between subcutaneous and total body fat decreases with age. 15, 23 This occurs not only because of the redistribution of the fat mass (FM) from the extremities to visceral areas but also because of the replacement of muscle tissue by intramuscular fat. Thus BD is overestimated, and consequently FM is underestimated when applying predictive equations based on the BD. This was found even using specific equations that adjust for the effects of age and sex, 24 such as those of Durnin and Womersley. 25 Few predictive equations have used some combination of skinfolds and circumferences. In this regard, we recently found that Lean's equation, 26 which includes the triceps skinfold and the waist circumference (WC), overestimated the FM amount in a group of institutionalized older men with moderate and severe dementia (unpublished data).
Another serious constraint of this approach is due to the application of the BD to estimate FM in the elderly individuals, because of the assumptions underlying the densitometric method: a constant density of 0.9007 g/cm 3 and 1.1000 g/cm 3 for the FM 27 and FFM, 28 respectively. This assumption has been widely questioned for the FFM because of the inter-individual differences in the bone mineral mass and total body water (TBW) fractions. 28 The natural aging process entails a progressive demineralization of the bone mass 29 and changes in the hydration of the FFM, leading to a decrease of the FFM density, 25 which in turns affects to the estimate of FM. 25, 29 Differences of ± 0.01 g/cm 3 in the density of FFM translate into errors of ± 3-5% FM for body densities in the physiological range (1.00-1.07 g/cm 3 ). 23 Therefore extrapolating the assumptions underlying this method to the elderly population is wrong. Nevertheless, this shortcoming is not only related to anthropometric measurements but also is a more general problem of BC research. In dual-energy X-ray absorptiometry (DXA), which is sometimes considered as a reference method, soft tissue analysis is founded on a two-component model of BC in which fat and lean (nonbone, nonfat) mass are assumed to have constant and different mass attenuation coefficients. 30 According to Lohman et al., 31 in order to guarantee the internal validity of DXA estimates of BC, it is necessary that estimates of TBW as a fraction of FFM fall in the expected range (71-75%) and have a relatively small s.d. (2-3%), but whole-body chemical analysis of human cadavers evidenced that this varies from 68.4% to 80.8%. 32 On the other hand, it is well known that one of the shortcomings of the anthropometry is the high intra-and interobserver variability, even though all measurements have been taken according to standardized protocols and guidelines. In this regard, data for intra-and inter-observer anthropometric measurement errors concerning older-adult assessments are very scarce, and their interpretation is difficult, because technical error measurement (TEM), besides being age dependent, also varies across measurement type. 33 Nevertheless, reported values for intra-and inter-observer TEM and coefficient of reliability (R) of anthropometric measurements (weight; height; length; demispan; arm waist, hip and calf circumferences; and biceps, triceps, subscapular, suprailiac and medial calf skinfolds) from several studies were provided by Ulijaszek and Kerr, 33 as well as the ageand sex-specific upper limits for TEM of height, weight, arm circumference, triceps and subscapular skinfolds. In the cited review, a large variety of reliability among studies was found (that is, R ranged from 0.86 to 0.99 for waist and from 0.68 to 0.99 for hip circumference).
Finally, many of the older adults with dementia at advanced stages cannot maintain a standing position, but they are confined to a wheelchair or are bedridden, and thus we cannot ensure that the anthropometric measures are being properly taken in these individuals. Nevertheless, recumbent anthropometric techniques have been developed for assessing elderly individuals who cannot maintain an erect posture. 34 Some studies have reported that recumbent measurements of arm and calf circumferences, and subscapular and triceps skinfolds, are reliable and accurate, and that values from recumbent measurements are not systematically different from those using corresponding standing techniques, 15 but a large inter-observer variability was evidenced in others. The study by Williamson et al., 35 in which a sample of 22 men and women aged 35-64 years were measured by four trained nurses, found that intraclass correlation coefficient ranged from 98.5% for calf girth to 56.2% for the suprailiac skinfold in men and from 95.8% for upper arm girth to 67.0% for the suprailiac skinfold in women. Therefore, available data regarding the level of both accuracy and precision of recumbent anthropometric measurements are controversial.
Anthropometric indicators of adiposity and muscle mass BMI and WC are the most widely used nutritional indicators of overall and abdominal adiposity both in epidemiological and field studies because of its simplicity, as well as to assess the nutritional status, in both healthy and ill individuals. BMI shows a good correlation with total adiposity in healthy adults, but this is infringed in many physiological and pathological conditions, as occurs with aging. 36 We previously found that, in older adults with dementia at moderately severe to very severe stages, BMI masks a substantial loss of FFM and body cell mass, because this frequently coexists with high levels of adiposity, even for normal-weight patients. 37 It is necessary to note that current BMI and WC cutoffs were set on the basis of a middle-aged reference population, and there is no consensus on the cutoff points for the elderly. 38, 39 Consequently, the use of these cutoffs have limited accuracy as indicators of adiposity in the elderly. With regard to current health-related WC cutoffs, the influence of age on the assessment of metabolic risk is not considered, 40 and it has been evidenced that the relationship between visceral adipose tissue (assessed by magnetic resonance imaging) and WC varies with age, which may explain, in part, the so-called 'obesity paradox', 41 and age-related changes in BC and loss of height alter the relation between BMI and the percentage of body fat. 42 On the other hand, calf circumference was found to be useful in clinical practice to assess the muscle compartment in older adults, because it is the most sensitive anthropometric measure to the loss of muscle mass in elders, especially when physical activity is limited, 43 as occurs in patients with dementia at advanced stages. A calf circumference of o 31 cm can be considered a sign of presarcopenia. 44 BIA BIA, besides presenting the advantages of the anthropometry (simplicity, safety, cost-effectiveness and so on), does not require either specialized personnel for its implementation or active patient collaboration, so that the measurement error is lower than that of anthropometrics, provided that it is correctly performed. Under ideal conditions, the variation for repeated measurements of bioimpedance during a single testing session has been reported to be o 1%, 45 overall reproducibility is 2.7-4.0% and prediction errors for FFM and TBW were estimated to be 3.5-6% and 3-8%, respectively. 46 A great review of fundamentals and applications of this method has recently been published by Lukaski; 47 briefly, BIA is based on the principle that the various body components offer a different resistance to the passage of an electrical current, 47, 48 and there are two different ways to interpret the bioelectrical measures (resistance, R; and reactance, Xc) in terms of BC: translating bioimpedance measures into body volumes and masses (that is, conventional BIA), and generating the impedance vector by using the R and Xc obtained at a frequency of 50 kHz, to match it against that of the healthy reference population (that is, Bioelectrical Impedance Vector Analysis, BIVA). 49 Conventional BIA Conventional BIA considers the human body or its segments (trunk, limbs and arms) as symmetrical isotropic cylindrical conductors and assumes that the volume of the conductor can be calculated from measurements of its length (actually replaced by stature, S) and R or Z. 50, 51 Therefore conventional BIA allows to translate the bioelectrical measures into body volumes and masses by means of predictive equations, in which S 2 /R or S 2 /Z forms the basis for predicting TBW or FFM.
Most of the available predictive equations have been developed from hand-to-foot single frequency-BIA. It is necessary to note that extracelluar and intracellular water (ECW and ICW, respectively) cannot be estimated by single frequency-BIA but only from multiple frequency-BIA and bioelectrical impedance spectroscopy. However, neither multiple frequency-BIA nor bioelectrical impedance spectroscopy do improve the estimate of BC compared with single frequency-BIA, 52 and measures at frequencies o 5 kHz and 4200 kHz generally are unstable, showing poor reproducibility. 53 On the other hand, account must also be taken of the need to use appropriated cross-validated predictive equations. In this regard, the predictive equations are obtained from linear regression analysis, and thus the use of cross-validated equations developed in populations with similar biological and clinical characteristics is essential in order to guarantee both the accuracy and the precision of the estimates when applying these equations in other populations (that is, their external validity).
In addition, specifically in the elderly adults, given the aforementioned age-related changes in BC, it is also important to consider the criterion methods used to calibrate the predictive equations. Table 2 shows several cross-validated single frequency-BIA equations for the elderly, which were calibrated against criterion methods such as DXA or the four-compartment model that, although not true gold standards, are often used as criterion methods. 54 The equations developed by Sun et al. 55 and by Kyle et al., 56 even not being age-specific, can be used in people up to the age of 94 years (Table 2) . Furthermore, these equations are very useful in large-scale epidemiological studies, as the equation by Sun et al. 55 was used to perform the reference distributions for BC in the NHANES III, 57 and the equation by Kyle et al. 56 was used to determine the fat-free mass index and fat mass index percentiles in Caucasians aged 18-98 years. 58 These equations were found to estimate BC equally in European healthy men aged 20-79 years but not in women. 59 In contrast, Trippo et al. 60 found that FFM estimated with the equation of Sun et al. 55 was substantially overestimated compared with FFM estimated with other classical BIA equations and with DXA. Similar findings have been reported in other studies when using several cross-validated predictive equations in the elderly. 61 Thus, in view of the controversies found when extrapolating several equations to other populations with similar biological and clinical characteristics, some authors consider that the predictive equations are only applicable in the population in which they have been developed. 60 With regard to the older adults with dementia, no specific equations have been developed to be applied in this group. This is another major concern, because sudden weight loss and changes in both TBW (hypo-or hyper-hydration) and in its distribution (ECW/ICW ratio) are very common in these patients, and particularly at advances stages, thus leading to large errors in estimating BC. 62 In this cases, BIVA is a good alternative to analyze the BC.
BIVA
The main advantage of BIVA over other methods for BCA is that it does not yield any absolute estimate of body compartments, makes no assumptions about body geometry, hydration state or the electrical model of cell membranes and is unaffected by regression adjustments. 63 Thus, BIVA is valid for BCA both in healthy 64 and pathological 65 aged populations. In the BIVA approach, soft tissues, hydration status and cell integrity are assessed by means of a resistance-reactance graph (R-Xc graph), using the two direct components of the impedance vector (that is, R and Xc measured at 50 kHz and 800 μA) normalized by the height of the subject (R/H and Xc/H). 48 Therefore no predictive equations are used to translate bioelectrical measurements into BC variables, but a semiquantitative assessment of both BC and hydration status is performed by directly interpreting the bioelectrical measures (that is, the impedance vector). Given that R is inversely related to the ICW and ECW, and that Xc is directly related to the amount of soft tissue structures (mass), the vector length provides information about tissue hydration, and vector direction (that is, phase angle) provides information about the amount of cell mass contained in soft tissues (Figure 1) .
BIVA allows the assessment and monitoring of BC in individuals, as well as comparison of groups. Reference bivariate tolerance ellipses are used to assess the BC of an individual, so that the individual vector derived from an individual measurement is plotted on the reference bivariate tolerance ellipses and compared against the normal interval of the healthy reference population, expressed in percentiles of the normal distribution of a bivariate, probabilistic graph. Reference standards of vector distribution patterns according to sex, BMI and age in a large database of white children and adolescents (n = 16237) and adults (n = 214 294) were published by Bosy-Westphal et al. 66 On the other hand, to compare groups, the bivariate 95% confidence ellipses of the mean vectors of each group are drawn on the R-Xc graph. 48 Another strength of this method is that it can be used as a preliminary test to check the correct application of the conventional BIA, as vectors falling outside the 75% tolerance ellipse indicate an abnormal tissue impedance. 67 In this regard, we recently found that 66.7% of the vectors in a group of older adults with moderately severe to severe dementia fell outside the 75% tolerance ellipses for the elderly. This was mainly owing to a reduction in Xc/H values with preserved R/H compared with a same-age and same-sex group of individuals without dementia, thus indicating body cell mass depletion and an increase in ECW/ICW ratio in those with dementia. In this study, we also used conventional BIA to compare the results of the elderly with dementia with those of the same-age and same-sex group, and we found that the changes in the BC evidenced by BIVA were not detected by using conventional BIA (unpublished data). Previous studies conducted with BIVA have also found similar patterns in patients with Alzheimer's disease, characterized by a reduction in Xc/H values with preserved R/H. 68, 69 Finally, a new analytical variation of the method, called specific BIVA, has been recently developed. Nutritional interpretation of specific BIVA is the same as that described for the classic BIVA, but in specific BIVA the individual values for R and Xc are standardized by adjusting for length and cross-sectional area of the body (on the basis of an estimated body volume) and not only by adjusting for length (body height). 70 This method has recently been shown to be more sensitive than the classic BIVA for the detection of FM variations in a large multiethnic sample of all ages (n = 10 122) and also in an older-adult population. Abbreviations: BIA, bioelectrical impedance; DXA, dual-energy x-ray absorptiometry; H, height (cm); Multi-C, multicompartment model; R, resistance (Ω); S, sex (women = 0; men = 1); SEE, standard error of estimate; TC, tight circumference (cm); W, weight (Kg); WC, waist circumference (cm); Xc, reactance (Ω); Z, impedance (Ω). Figure 1 . R-Xc graph. In BIVA, the components of the impedance vector, resistance (R) and reactance (Xc), are normalized by height (R/H and Xc/H) and represented in the R-Xc graph (abscissa, R/H; ordinate, Xc/H). R is inversely related to the ICW and ECW, whereas Xc is directly related to the amount of soft tissue structures (mass). Therefore, vector length is influenced by tissue hydration (shortening indicates overhydration, and lengthening suggests dehydration), and vector direction (that is, phase angle (PA)) is influenced by the amount of cell mass contained in soft tissues (a small PA indicates malnutrition-cachexia-anorexia; a large PA may be observed in both obese and athletic individuals). Adapted from Piccoli et al.
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FINAL REMARKS
There is currently an important need of early detection and correct diagnosis of malnutrition and changes in BC in the elderly with dementia, as the procedures currently used often fail. Nutritional screening aims to identify patients at risk of malnutrition or malnourishment. To this end, nutritional screening tools must be simple, noninvasive, quick, valid and cost-effective, and thus BCA cannot be considered in this preliminary step. Nevertheless, BCA is superior to BMI, as well as to qualitative assessment tools, which are frequently used in practice and introduced in another article of this set of Healthy Ageing Research Centre (HARC) papers. In this regard, BIVA, besides being a valid, simple, noninvasive, quick and cost-effective method for assessing BC, has shown good correlation with clinical prognosis, as well as with nutritional screening tools and psycho-functional indicators. [52] [53] [54] [55] 72 Therefore BIVA could be considered a useful tool for nutritional screening.
BC, AGING AND DEMENTIA: TO-DO LIST Demographic changes experienced in recent decades have brought with them a noticeable and increasingly accelerated aging population that reinforces the importance of maintaining updated age-, sex-and ethnic-specific reference databases on the anthropometrics of the current elderly population.
Age-related BC changes include demineralization of bone mass, muscle mass depletion and changes in the hydration of the FFM, which lead to a decrease of the FFM density. Furthermore, it is well known that dementia is highly associated with malnutrition and dehydration. As a consequence, the use of methods of BCA based on a two-compartment model is wrong in the elderly population, both healthy and with dementia.
Conventional BIA is a precise method for BCA when using specific equations developed and cross-validated in populations with similar biological and clinical characteristics to those of the target population. However, there are currently no specific equations that have been developed to be applied in patients with dementia. Given the aforementioned age-and dementiarelated changes in BC, the development of BIA equations to be applied in the elderly population, and specially in patients with dementia, should be conducted using a criterion method of BCA based on the four-compartment model of BC.
In any case, BIVA is a good alternative for BCA in patients with dementia.
CONFLICT OF INTEREST
The authors declare no conflict of interest.
